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ABSTRACT

The NATO Reference Mobility Model (NRMM) produces a prediction

of the maximum average speed at which a vehicle can traverse an area

(terrain unit). The program described here uses selected values

calculated in the NRMM to determine the factor which is the limiter

of speed for a vehicle and terrain unit. In the case of a NO-GO

prediction, the reason for the NO-GO is deduced. Detailed and Eummary

diagnostic tables are produced together with a graphical presentation

of the diagnostics.
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INTRODUCTION AND BACKGROUND

The NATO Reference Mobility Model (NRMM) [I] is a computer

program which provides a comprehensive assessment of cross-country

performance of a vehicle. The basic output of the NRMM is the speed

at which a vehicle can travel in a terrain region (patch) judged

uniform with respect to mobility. (This speed is often referred

to as "Speed-Made-Good" since the path need not be a straight line

due to mar euvers around trees and obstacles.) This speed-made-good

for a patch is calculated as an interaction of a variety of descriptors

of the terrain, vehicle and scenario and includes assessment of the

effects of such things as the vehicle powertrain and geometry, the

strength of the soil in the patch, vegetation, driver dictated limits,

e-c. In addition to the single output number of speed-made-good,

results of literally hundreds of intermediate computations may be

obtained from the NRMM.

The objective of this study was to identify those intermediate

computations in the NRMM which could be used to give to the user

better insight into the vehicle/terrain interaction without the need

for total immersion in a sea of numbers. The identification of an

intermediate result as useful for insight has been governed by prior

use of the NRMM and the needs expressed by the users during and after

these prior studies.

In particular, the way in which the model has been used (for

vehicle studies) in the last few years is the following:

1. Several regions in the world havL been identified as

being of interest to the military user comxunity for

mobility study purposes.

2. Available terrain data has been analyzed to yield a

description of these regions as a mosaic of patches

JI
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(areas judged uniform with respect to mobility) overlaid

with roads, trails, rivers and other features which

appear as curves and lines on a map.

3. The values of the terrain descriptors (soil strength,

topographic slope, roughness, etc.) have been established

and amassed into computer data files.

4. The NRMM was run to obtain a speed-made-good for each

terrain unit (patch, road, or trail) in these files.

5. This set of speeds was processed to obtain a few performance

measures -- usually petcentage of terrain denied (zero

speed or NO-GO) and the average speed (weighted by area)

on the least severe 90% of the terrain (without regard

to the spatial distribution of the most severe terrain).

A speed profile is often presented as well.

While these data are useful in comparing vehicles, in certain

studies (WHEELS [2], HIMO [31) which used predecessors of the NRMM,

information on the causes of NO-GO's and/or the factors which limit

the speed were judged to be required and were produced. The program

developed in this study produces similar diagnostic output for runs

of the NRMM and was developed with some attention being paid to

program portability.

In the NRMM, various single-factor aspects of the terrain-

vehicle interaction which can cause a NO-GO condition or limit speed

are evaluated (e.g., limitation due to driver tolerance or lack of

braking ability) and then multi-factor combinations of effects are

assessed. These calculations are performed (when appropriate)

traveling with and against the input topographic slope (up and down)

and (in the Areal Module) at zero topographic slope (level). When

2
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one of the calculations produces a NO-GO, many subsequent calculations

are skipped; otherwise, a variety of candidate speeds which reflect

the effects of some of the constraints are computed and then the

feasibility speed is obtained. If any of the up, level and down

speeds is zero, the speed-made-good for the terrain unit is set to

zero, otherwise the harmonic average is the output.

RESULTS OF CURRENT STUDY

Since the factor which controls the speed may be different

when traveling with the slope, on the level and against the slope,

it was decided, for this study, to analyze these cases separately.

Another consideration in setting up this analysis was that the

mechanism for making changes to the NRMM is time-consuming, so that

all modifications required for the output analysis were restricted

to the Control and Input/Output (C&I/O) module in which local changes

are permitted by the rules governing the use of NRMM established

by the NATO Technical Management Committee. The organization of

the Areal Module of the NRMM (with its own control subprogram) allows

the changes required to be minimal and concentrated in a few subroutines

of the C&I/O Module. These changes are fully described later. Creation

of the same type of output analysis for the Road Module is straightforward

but requires changes in the Module itself since there is no separate

control subprogram for this Module.

The output analysis is performed as follows:

1. The additions to the NRMM Control and Input/Output Module

are entered. (This, of course, is done only once.)

2. The NRMM is run for the desired vehicle and terrain with

the new control variable KDIAG set to 1 which produces

the additional output required.

3
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3. The output analysis/diagnosis program is run to summarize

and present the results of the analysis.

OUTPUT ANALYSIS/DIAGNOSIS PROGRAM

The output analysis/diagnosis program performs the following

actions:

1. The selected intermediate calculations of the Areal

Module of the NRMM for a single terrain unit are

transferred to the diagnosis subroutine.

2. For each slope condition (up, level, and down) the output

is first checked to determine whether the terrain unit

is a GO or NO-GO patch. If GO, the factor which limits

the speed is determined. Otherwise the reasons for

the NO-GO is determined. In either case a code is

assigned for the terrain unit and slope condition.

3. Steps 1 and 2 ar-? repeated until the data for ill terrain

units have been read and analyzed. An output file

containing the terrain unit number, speed-made-good,

up, level and down speeds and diagnosis codes, and

terrain unit area for each terrain unit is written.

4. The area (factor area) in which each of the limiting

factors is the controlling factor is determined together

with the average speed in that portion of the total

area (for the GO factors). More precisely, the factor

area is the sum of the areas of all terrain units for

which the factor is the controlling factor. This summary

is written out. (See Appendix A - Table Al).

4
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5. The "Speed Profile" is generated for each slope condition,

i.e., the terrain units are sorted into decreasing order

of speeds and the cumulative sum of the area and average

speed are computed. The speed profile data are written

out with the limit code for each terrain unit (generated

in Step 2). (See Appendix A - Table A2)

6. The speed profiles are plotted. On the plots of maximum

speed versus percent area, different symbols are used

for each of the limiting condition codes. (See Appendix

A - Figure Al)

Steps 1 - 3 are most efficiently performed during a run of

the NRMM, by a diagnosis subroutine, whereas Steps 4 - 6 are now

performed by a separate program. The portion of this program which

effects Step 6 is somewhat non-portable as it contains calls to a

plotter routine, of necessity device and system dependent. The

remainder is standard FORTRAN and the plotting section is quite

simple. Furthermore, Step 6 only presents the data already

available from Step 5 in a different way. However, it is felt that

the presentation of this data graphically does provide a good way

to handle the data. The symbols used in the graphical presentation

on the plotter are an arbitrary set available conveniently on one

system. An even better choice would be a color coding which would

be easily implemented on a color-graphics terminal, but this presents

difficulties in obtaining hard-copy output.

The output of the analysis program consists of:

1. A list of any terrain units for which the program was

unable to determine the controlling factor.

5
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2. The summary which lists the factor area for each limiting

fac wor.

3. The list of all terrain units in decreasing order of

speed-made-good with the controlling factor code.

4. Speed profile plots including symbols designating the

various limiting factors.

In the case of a terrain unit which is "Go" for the vehicle

and slope condition (i.e., the NRMM predicts a non-zero speed-made-

good), the analysis is based on various sets of factors which, in

combination, give rise to limiting speeds, one for each set of

factors. In NRMM, after an initial screening, candidate speeds are

established and then reduced for interactions of obstacles and

vegetation with the s : of factors first addressed (soil, slope,

ride, tire damage, etc.). Since each of the candidate speeds is

an upper performance limit, the final speed prediction is the lowest

of the various limiting speeds (in the order of their computation

in the NRMM). In the output Analysis/Diagnosis Program, the diagnosis

stops when one of these candidate speeds is equaled (or exceeded

to account for rounding) and the corresponding code assigned. The

candidate speeds and the limiting factors to which they correspond

are listed in Table I.

In the case of a NO-GO terrain unit, a more varied collection

of variables is checked to determine the reason for the NO-GO

prediction. Again, these are assessed in the order of their

computation and evaluation in the NRNM. As a programming convenience,

the values assigned to the limiting factor code arc negative for

the NO-GO analysis. The variables used, the comparison made, and

the corresponding reasons are listed in Table II.

6



R-2183

TABLE I

LIMITING FACTOR ANALYSIS AND CODE ASSIGNMENTS

SPEED CODE LIMITING FACTOR

VRIDE 1 Driver tolerance to ride over rough
terrain

VTIRE 2 Tire destruction (applies to wheeled
vehicles only)

99*VSOIL 3 Power available versus resistance due

to soil, slope and overridden vegetation

VELV 4 Braking available relative to visibility
restrictions

VAVOID 5 Maneuvering around obstacles and overriding
small vegetation

VBO 6 Maneuvering around vegetation and between
obstacles

VOLA 7 Obstacle impact

VOVER 8 Obstacle and small vegetation oN rride

W'TALK 9 Driver prudence in vegetation override

In all cases wh,re the variable is an array dependent on vegetation
class, the value used for the comparison is that of the vegetation
class used to compute the output speed.

7
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TABLE II

NO-GO CAUSE ANALYSIS AND CODE ASSIGNMENTS

VARIABLE AND
DECISION CODE NO-GO CAUSE

TBF < 0 -1 Inability to brake

VSOIL < 0 -2 Soil and slope

NEVERO = 3 -3 Obstacle interference

NEVERO = 1 -4 Belly hangup on obstacles

VBO < 0 -5 Vegetation too dense to be
avoided and too large to allow
override

VX ) -6 Tractive force needed to over-
ide obstacles not available

rhe 'flue V2I1, usd here is that without vegetation. The values
vo ;m O d \x[T %) those of the vegetation class used for the cor-
-t:Li, i rrnl 'lut it ions in the NRMtM.
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The output diagnosis has been applied to runs of the NRMM

for both wheeled and tracked vehicles over several terrain files,

both artificial and real. All of the terrain units have been

diagnosed. (The program outputs a code of ±99 to designate terrain

units for which the limiting factor was not determined). The analysis

program is listed in Appendix B. The additions to the NRMM including

the diagnosis subroutine required are presented in Appendix C.

9
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APPENDIX A

SAMPLE OUTPUTS OF ANALYSIS/DIAGNOSIS PROGRAM
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APPENDIX B

LISTING OF OUTPUT ANALYSIS PROGRAM
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PROGRAY PP'iRW?.1
C
C OUTPUT ANALYSIS PROGRAM FOR ?:A.REAL .IODULE
C

DMI EN S 10 N T GUL 15 ,3), A TG 0 1,3) , VT GU (15 ,3)N ,TiN 0O0 10 ,3)
1 AT:lOGO( 10~,3) AGN (3 ,~(.1V),v'c( 3 ),~~( ANOG0C3)
2 LI MIITC(15), NR AS ( 1 '0
DOUBLE PRECISICN LIM1IT,NREAS

t EQUIVALENCE CA1(l,l),PAIJ()

EUUIIVALECT. (V1(1,2),PAlD(1))

EQUIJVALENCE (Al1,3),PAJC1))

EQtJ1VALjKNCE (V2(1,2),V2L(1))
EQUIVALENICE (V2(1,3),V2D(l))
DATA CLIH'IT (I ),i=1,9) /4HRI1DE,10HITIRE CONST,9HPO.4ER/RES,

+ 1OVS IIYt N' ~,6IA'EJE,05SIMPACT,9THOS FORCE,
" 1iiHO VR.PRDi4C/

DATA (1.1.EAS(I),I=1,6)/ioHNlO 3pAKING,j,1'i~rfl1L/S' OpEH~SIT

" 1diit3ELLY HAG 0~~2TTO,~DSFJRCE!
ATCJT=C.
'41PAT C l =A
Li 11 = 1 0
LOUT=22

133~ NPATCH=NPATCf + 1.
C INPUT OF SPEEDS AND CODES FROM DIAGNiOSIS SUBiROUTINE

READ (IN=1~ )~T~~T ,HVUPTHZ4=,)
+ Zi-Pi,5, ZAPH6, Z'AFH 7, ZM -'Hd ,G A _,AEA, (t.)-,(CO PTC,K),K=1,3)

1-O 150 K=i,3
) Al ( PATCl!1,K) =ARE~A

Nl(MPATCH,K)=!)TU
1 5 C3J'lTI'UE

) ATOr=TTA.?EA
GUTO 100

lovlo COJNTINUTE
) C TIT1ALIZA'TIGf

';PATCfi=N?'ATACfi-I
DJ 1020 K=1,3

l.'TC J( L, K) =0

I1 .3 C rlNT1U S'
DO 1015 L=1,10~

K)

) B-i
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C S U,! I', IZ 171JN

IF'(L.f.T.J)tJTJ 104?

ATZ:(L,K)=AT~i(L,K)+AlC1,K)*(I)

N Go ( K rN G U C:)+ I

V 10) ( If VIC 0 (K) + 1.i ( I, K) A I1(1I, K)

GOTO IV6'i

I14 UF(L.LT.-13) COTO 1050 3
L'=-L i
N TM 000( LK =NT NOG J ( L , K)+.I
*N Go C K ) =N SclGJ K +lI

COTO3 1060
c FRROR. ll EN~CODING DR DIl-E:JSIO'N3

1J)5 2 F9 'AT'UIJFl NOT RECIGN1ZED'/

1 60CNTI'UES1,L?:I,1'21/

DJ 10170 Lzl,li
I FC' TG 3(L, K.E -. 0.)GOTO 10 70i

VTOLS)~'G(, )/ATG)O(LA,(K)

1110 C ON T U E
C SU !,.A: Y JUTPL'

1Il10 F09VAT(/f/33X, ,-,HTJP SLOPE 2,iL~~,9,~DA LP,/
I lH+,2?X~, 3( 4X, 22H------------------------ )
2 2X,B~iLl ~T1~3,CX5'OOX6?COX
3 71AVr('.~, 5/ 3 X, 5:1FA C TO R, 13 -', 3 (5 X, 5 HT U -S, 3X, 4 -AR EA, 4 X,

4 5LiSPK2)///17A1 30 TERAI NT

DD] 11410 L=1')
WRITE ( 6,113.IjL,LT >ITTL ,C (L ,) AT GO CL, K ), VTGGCjL,K ),K=l, 3

1131

1150 FUP4-IT(f1X,5HITUTAL,1lGX,3(11,,2FJ.2))

WRIT E( 6,116 f)
1160 LGR!.AT(//* NOGO TIRAIN U41US/)

113 0 C 3NT INTJ E

WRITE( 6,
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NLl= ;PACH-l

V oC 1320 lL=IC?,NPAT-h
I P ~1(I, ) 1 (CK) ~JTO 13 20

V 1'--.AP =, I( I L, )
AT7.1I 1(IL,-K)

I T oI C:D DCF I L,)

Al2( IL, )= ICJD (K ,K

A1j CIC7, )=ATE" AP I

132k YT.U

DO 1351" K=1,.3

V SUv,=VSUM4V 1 C1, K *Al (If K

V' V2( 1,K =VYSU 1 C/ 1

W-t-ITE(22,' 13'o)

'~1332 F0RoAT(/16X,rdHUP SLOPE,/

1 IH+, 2X, 3( 2X,3Th~i-- -- -- -- -- -- -- -- -- -- -- -- -- -- - -f3X
2 3Z, 3 ( 6X, 1.:!TER~AI'l UNI%'T, 4X, 1 05iCU> JLATI iE,3X )I

f, 3 tX, 3( 3H N'O, 2, 3! l. K, 2X/,5IiLIM-IT, 1X,411'AR-, 2X,3'V', 3X.,
.1 3 1?PC T, IX/3 X, 3( 5 X, 5 :5P EZ U , 2 X" qC D z,, 5 X , tESP 7-E D9,2 X, 4 -A AR EA, ,3X))

r) 1411 I1,NPAPTC~i

!IF ' A (I,K )

ZF s. CT. N jfIT~DI'- IIN1,u)

1RIE( 22K, 1100 l,),l 0 13),V(I )IDE1K, -K

14 1 J C iNT I U E
T'lPv, 15.3

1s5 F Y .AT ( ' I UUTPUT DESI'k ;D? Y 'I N: a
ACCEPT 151o,ir,

A" ~4 Xl V (711, 1 ),V'1 (1,2), V1 (1,3)

C
C SPEE PkFwL FL0rS

B- 3
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CALL CSCL( A'AAX,YVAX )
CALL Fl.,.P'Vt1i'T1,*
I "::CE',T TITA L A.T X 15, U *iA IU.S il F !P ) ,19,
2 ' X [A U SiD P R F I L E 2~ 251,, 1 13, 'L1 ,

CALL PI*:TS(1,~rdJ, I C I~
CALL ~(1

AC ALL EC*,J*/P4,V1,'TC,.,1'./C*,YX,1.,1 .,*PcEN

I rTATL A:',I,'A S>.J( l),6AVP SPLEED PROFILE-,

CALL. :11..',P L,~.'T:,.1 1 ,.Y~~~,
2 ':A1M PD flILL L ,2,, ,.,,, L3-PC4NT TOTAL AF -1dAX*'J SPEED (XP~f) ',19,

CALL GPAF(-l)

I i To7 AL AC;.',' 114. SPiE>) 1:H -5 A3 'iERAG E 3PEED PROIL,

I ? 'P.CENT TOTAL AzE 1 ,'4X U PEi,.D(Mi)-1,
2 ~'X£''iSOPEED n:71 IL?,3Ji %715 il 1 PT ,~

CALL P9IU!TS (3,%?PATC1 I , (D.
CALL GA(l

2 J ~ AT( PFN ',1I2 '- 9L;), F ':T'rr P-i
2J13 FOP>IAT(1)

C C C'-! 31LEU PLOTS JF~ UJP,LEVF.L & [Y1 ,H PPS)FILES
C

CALL ~A 1 .,Pl 1,HACi C.,2,Y4Xii l.
1 'PRCLENT TOTAL RA 1,_AVU S'P.''ED C~Pi{) '19,
2 "'AX I I ?-U PFED pipu [.-I-,2%1 ,,, 1 , rPL7,.I
CALL PIT(1, %PA Ci V1, A 1, 1 -IDL)

c"4i1 ~PEN 3
T 7PE 2 Y' jIP
ACMi'2T 2010,TP

CALL GRE~PL:L~Pr~,1,7)
CALL P0I TS(2, NPATC~i, V1,l, IGJIDE

C C i[IA 7 - P E'l

" Y PT 2 J1,1?

CALL P( ,PL,1,PT:,1,)

CALL O S(,ATH 1AID)
CALL ~A(l

I 'PERC"Nr TOTAL S ,1~,''A PEED'P~),6

C

ACCHPr 2 01:

C ALL RThAF( V, P AI.,V21,, 1 P ATC '-, I ,
C C~i '' i 'I

R-4-
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'CCT 2: -
IP2='iF*W-#N%( 1P
CALL ~F.VD2,~NC,13

* CALL G9A(-!)
STOP

SJ3 WUTV~', CSCL(A:lI X,X;(AX)
C SCA4 LING Pt~'JI8 OP PLOT AXE:S

C LF(~AX.i~.~.COTO 210~
I FAC =1.

AL5 =ALOGJ(5.)

( AL = Ao(;11(A Ax)
FXP = AINT(AL)
17(-7XP.E,).AL):; TOd 22

( IF(A~iAX.LT.1.)FXP= EXP-1.
R= AL-EXP

FAC = 13.
( t!(R.LE-.AL5)FAC =5.

2~3 XAAXU = FACR(1*:)
c , ,RIT'EC'21,ll)l,'4X,pL,EXP,R,FAC, X'*AX

( 1.31 F 0R:A *Ar(lX,6C )

(f PE TUR

SU3-jTLNE ~~7(,?TC,1Pj~h
C C S~iRC9OUTINS F'O DuriuT OF COLUE'1 DATA POINTS ON Sp-.*9- PPOFILE PLOTS

o INSTON PP(500~),VP( SVj )
Dl 2233 J=1,8

DlO 21J ,I0 =1,NPATC!
( F1I(,K..)t TO 21dJ*

NVl = ?NT' +1
VPO'TU) = V(I,K)

2171 C ON T IN U
I (OTU.2' .)GO TO 2210~
C L L ?F(J,P -P, VP, T U, -1, J

22 C J NT TI N rj-
C

(C INJ 3Gc1 1s

DO 2500J =, 6
NJTU =I
-D] 240Y3 1 =1,NjPATCi

IP(IQ(I,).~.J)JdTO 2433
NT ri +t
VP(!.T) VI(T, <)

?PC:JTU) =AI,<

(. 2400 C JN TI N U
IF(NiTU.&-*Q.3)G] TlO 2 i
.'ALL GRAF(1, PP,VP,N-lU, -1, 15-J

254V3'3 C3'ITI NUE
R -'T UR N
E

B- 5
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APPENDIX C

CHANGES TO NRMM FOR DIAGNOSIS PROGRAM
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APPENDIX C

CHANGES TO NRMM TO IMPLEMENT DIAGNOSIS

1. Add array ICODE (with DIMENSION 3) to COMMON block DERIVE. DERIVE

appears in the main program and subroutines AREAL, ROAD,

and BUFFO.

2. Add the control variable KDIAG to the COMMON block SCEN. SCEN

is in the main program and subroutines SCN, VPP, TERTL,

AREAL, ROAD and BUFF0.

3. Add KDIAG to the NAMELIST CONTRL, lines SCN16-SCN25 of subroutine

SCN. This allows KDIAG to be read.

4. In subroutine SCN, change line SCN-55 to:

IF (DETAIL.EQ.3) GO TO 313

Add between lines SCN 65 and SCN 66 the following:

313 CONTINUE

KDIAG = 1

GO TO 330

These changes permit diagnosis to be specified as output detail

level 3.

5. In subroutine AREAL, add between lines AREAL-219 and AREAL-220

the following:

IF (KDIAG.EQ.1) CALL DIAG (AREA, IDCODE, IMAX, ITUT, NEVERO,

NTU, TBF, VAVOID, VBO, VELV, VMAX, VMAXl, VOLA, VOVER, VRID,

VSOIL, VTIRE, VXT)

6. Change line BUFF0 34 of subroutine BUFF0 Lo:

ZMPII7, ZMIPH8, GRADE, AREA, ICODE.

C-lt
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This addition to the binary output file written to LUN1O allows

this output file to be used by the analysis program.

7. The liagnosis subroutine DIAG must be included. The listing

of this subroutine follows.

C-2
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2 VT1?'E,VXT,Vo:ALK)
N C U1Ar-NlSTI-- SU'30OrJTiPE rOk !r'~ AREAL ;GDULF

1 VEL'J(3),ViMAXI 3,V2(,)lZI(,);T39

C ASSIG.M06*T OF Lv.I .r % CTRu

v= Pl~x1(K)
TF(VC.EQ' .t.) J TC 4),3

C IlF('lC.LT.VRflC)G3 TC 211'

t Ci IL ELI ( KT

70 TO 600
21~1 lFCVC.NE,.VTiVRE)GO T] ?2~3
C TIRE CONSTPUCT ION 'LiMiT

fCfODF(.X)=2

2221 IF('IC.LT.C.91*12OIL(':,IMIAX(K))))Su0 TO 23~3
c ~POW. P VS. SOILL EI-, V --E TAAT IN ~SSTAVC

1 1 ' ( K ) =3

231, l(VC.LT.VEL7(K))GO TU 240
' c V1I3LITY 'LI,%lT

I C ll9£ (K)= 4
7O TO W01

240 IJCL. vO(, .X()) TG 250J
C !~A!J7VFR AR')'ND O1BSTA~CLES A':') VE'STATIPJ

IC3PE'(K)bS

253O TO 26t

263 IF(VC.LT.VCLA)SO TO 27.7
.' C 3STACLE IH!"Cl LVIT:1

I CD)' ( ?, ) =7
CO TO 6 ,O

' 271 F7.T~KMX~)GT 28.3
C P~E TO UVER.UDE :JBZTACLE

IC 0 F (K) =3
r,3TL 6VU

c DkIWER~ PRUDJE-.CE OiFKlRIPLI'l'G /TKAC

,.OTfl 6GGA
C LIMIT NUJT DI.*9'LSED

;J TO 6;'

C PATCH is ? 0 o

'0 1RAKIN7 'G

ii., i'c-3
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c 501L S%..cwF V,.:I3LI2ATIJ

420 TF(.*;EVF.:R9.:JL.3),3[j 'rU 13V

C 0J3 571A C L'-;' FN

C B~ELLY litA'CJUI 'IN gi33U CLiES

1 C '13) ( K ) =-6I
CrITU 6004

44 17iG (E~J PLJT (KtIMAX GT. S0T 5.

45 )Y3070 216NT060k,(IAX

6JO ~ CUNT A' N -

lI 10 FOvRM(42s'? PCDD '12PRIN UNIT flI~rCNDSIS NOT AVAILA3L-.)
EN D

c -4
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